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Exchange 

Reddel i e n  and 

reac t ions  involving Schiff-bases have been known fo r  some t i m e .  

Danilof i n  1921 described an exchange involving the amine 1 

moiety i n  an aromatic ketonani l .  

ketonani l  i n  a m e l t ,  par t ia l  replacement of a n i l i n e  occurred giving rise t o  

When p-naphthalamine was added t o  diphenyl- 

an equi l ibr ium mixture of products. 

mixture t h e  equi l ibr ium was s h i f t e d  and a quan t i t a t ive  y i e l d  of t he  new Schi f f  

base (I) was obtained. 

These workers l i s t  th ree  conditions upon which the  reac t ion  depends: 

1. The v o l a t i l i t y  of the amine; 

2. The chemical a f f i n i t y  of the amine f o r  t h e  ketone moiety i n  the  

Schi f f  base; 

3. The concentrat ion of the  amine. 

A r e inves t iga t ion  of t h i s  amine exchange r eac t ion  was i n i t i a t e d  i n  our 
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Reagents 

l aborb to r i e s  t o  determine the  scope of t h e  r eac t ion  f o r  i ts  poss ib i e  appl ica-  

b i l i t y  i n  polymerizations.  

Danilof,  the  f i r s t  was found f o r  our purposes t o  be the  most important. When 

the  v o l a t i l i t y  of t he  rep lac ing  amine is  low i n  comparison with the  v o l a t i l i t y  

Of t he  three condi t ions  l i s t e d  by Reddelien and 

Crude 
Product 

of the  amine t o  be replaced,  then very high y i e l d s  of product can be obtained 

by p r e f e r e n t i a l  d i s t i l l a t i o n  of the  replaced amine. Table 1 shows t h a t  i n  

those cases  s tud ied ,  even where polyfunctional amines or Schiff-bases  were 

used, q u a n t i t a t i v e  y i e l d s  were obtained. 

amine exchange r eac t ion  is not  r e s t r i c t e d  only t o  ke tonani l s ,  bu t  was used 

success fu l ly  f o r  t he  f i r s t  with Schi f f  bases  obtained from aldehydes 

as w e l l .  

Our experiments a lso show t h a t  t h e  

Table 1 

Synthesis  of Some Schiff  Bases by Amine Exchange 

Product 
1 I Yield - 

Founc 

140 

220 

Quant . 

ZnC12 

none 

Quant . 

Quant . 

L i t .  =I-= 
72 I none 

The reac t ion  mechanism as proposed by Reddelien and Danilof and subse- 

quent ly  by ourselves  involves the  r eve r s ib l e  formation of an  intermediate  by 

a d d i t i o n  of t he  amine t o  the  carbon-nitrogen double bond of t he  Schiff-base.  
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The r eac t ion  mechanism a s  proposed by Reddelien and Danilof and sub-- 

quently by ourselves involves the  r eve r s ib l e  formation of an intermediate  by 

add i t ion  of the  amine t o  the  carbon-nitrogen double bond of the  Schi f f  base.  

Under the  condi t ions of the  reac t ion  the  intermediate  then breaks down t o  give 

the  exchange products,  thus:  

another  exchange r eac t ion  i n  which carbonyl funct ions a r e  exchanged i n  

4 Schiff-bases  was described by C .  K. Ingold. 

Using a number of Schi f f  bases and aldehydes i n  s u i t a b l e  so lvents  he was ab le  

t o  achieve equi l ibr ium mixtures of products a t  room temperature i n  a few days. 

On r e inves t iga t ing  t h i s  reac t ion ,  we found2s3 t h a t  when the  r eac t ion  w a s  run 

a s  a m e l t  and the  replaced aldehyde was removed under reduced pressure ,  high 

y i e l d s  could s i m i l a r l y  be obtained for  t h i s  reac t ion .  Table 2 gives  the  ex- 

perimental  da ta  obtained i n  these  inves t iga t ions .  The l a s t  r eac t ion  shown i n  

Table 2 was run a t  room temperature and the  y i e l d  l i s t e d  r e f e r s  t o  the  re- 

c r y s t a l l i z e d  product. The r e s u l t s  of these  experiments show t h a t  the  carbonyl 

exchange is equal ly  a s  f a c i l e  a s  the amine exchange giving high y i e l d s  of 

products  even when a v a r i e t y  of subs t i t uen t s  a r e  used and the  reagents  are 

d i func t iona l .  

A mechanism f o r  t h i s  r eac t ion  has been advanced by Ingold involving the  

intermediacy of a four-membered oxazetidine r ing .  Subsequent cleavage of t he  

r i n g  produces the  exchange products,  thus:  
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Table 2. 

Synthesis  of Some Schiff  Bases by Carbonyl Exchange 

T x a -  
Crude 

Product 

M.P. O C  Cata- 
l y s  t - Reagents P r  oduc t Foun L i t .  4- 

91 93 Quant . none 

159 

- 

245 

- 

159 

- 

249 

- 

ZnC12 Quant . 

Quant . none 

_L_ 

none 140 140 47.2 

Another mode of exchange can take place between t w o  Schiff-bases .  C .  K. 

Ingold and H. A. Piggot3 r epor t  tha t  i f  t w o  simple Schiff-bases  a r e  mixed 

toge the r  i n  so lu t ion ,  an equilibrium mixture of reagents  and products a r i s i n g  

from exchange between the  two azomethines r e s u l t s .  

This  r eac t ion  we have termed a "bis  exchange" r eac t ion  was a l s o  inves t iga ted  
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* i n  t h i s  research.  Applying the  techniques used i n  the  preceeding exchange re- 

ac t ions ,  namely, the  use of a melt  system and by d i s t i l l i n g  out  one of t he  

Schiff-base products ,  good y ie lds  may be obtained of t he  des i r ed  Schiff-base.  

Table 3 gives  two examples of t h i s  reac t ion .  

Table 3 

. -  
The previous inves t iga to r s  a l s o  r epor t  the  i s o l a t i o n  i n  severa l  cases  of 

a d i a z e t i d i n e  intermediate  from Schiff  bases which undergoes decomposition t o  

g ive  two new Schi f f  bases.  A mechanism which may be w r i t t e n  f o r  t h i s  exchange 

r e a c t i o n  is  the  following: 

An e n t i r e l y  new Schi f f  base exchange r eac t ion  was discovered and exten- 

s i v e l y  inves t iga t ed  i n  t h i s  laboratory.  Aromatic a c e t a l s  were observed t o  

react with azomethines i n  a fashion similar t o  the  carbonyl exchange. 

R-CH=N-R' + R"CH(OR'")2 R"-CH=N-R' 4- RCH(OR"')2 (eq. 7) 7 
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This  r eac t ion  w a s  found t o  proceed readiLy i n  the  presence of Lewis acid.  ca t a -  

O C  

l y s t s  a t  temperatures above 15OoC,  whereas i n  the  absence of c a t a l y s t  r eac t ion  

H 
i 

H 

f a i l e d  to  occur. 

p-N02 1 none 150-250 

p-N02 none 1 170-195 
i 

I 

I n  Table 4 a r e  contained the  experimental da ta  f o r  the  simple a c e t a l  ex- 

; 

change and i n  Table 5 data  obtained using the  polyacetal  p -xyly l idene te t ra -  

e thy le the r  i n  the  exchange reac t ion .  A mechanism which may be w r i t t e n  f o r  t he  

r eac t ion  is  the  following: 

C2H50H + A- 
PE' + - 

X@CH, + H A (ca t . )  7 
OE t 

Table 4 

Acetal Exchange Between@CH=N@Y + Z@CH(oC2H5)2 

H 1 p-C1 1 TsOH 1 170 

Dist i l la te  Product Pressure 
m Hg 
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Table 5 
# 

Acetal Exchange Between X@CH=N@Y and ( C ~ H ~ O ) $ H @ C H ( O C ~ H S ) ~  

Subs t i tuents  Cata- Temp. Pressure 
Y l y s t  "c mm Hg 

i 

H 15-35 1 H 1 TSOH 1 170 1 7:i 
p-NO2 None 150-300 

1 H 1 p-NO2 1 TsOH 1 170 1 15-30 
I I I I I 
1 I 1 1 1 

H p-NO2 TsOH 170 20 

H p-C1 TsOH 170-180 17-27 

H 1 p-C1 TsOH 170-200 15  

D i s t i l l a t e  I Product I 

No r eac t ion  -------------- I 

I 

C ~ H S C H ( O C ~ H S ) ~  I black res idue  1 
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